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(71) We, Monsanto Company, a cor- 
poration oraanised under the laws of the 
State of Delaware, United States of America, 
of' 800 ]Sforth' Lindhexgh Boulevard, St. 
5 Louis 6:6, State of Missouri, United States 
of America do hereby declare the invention, 
for Wihich we pray , that a pateiit may be 
granted to ns, and the method by which it 
is to ibe performed, to be particularly de- 
10 scribed in and by the following state- 
ment : — 

ilhe present invention relates generally 
to a metallic seal, and more particularly 
to a self-sealing, metal seal for use with a 
- 13 control valve pr the like, the temperature 
cycling of which results in substantial ther- 
mal expansion aii4 constraction of its 
cortsstituent parts. 
Heretofore, it has been the general prac- 

20 tice to emplQy flat, disk-like seals between- 
various mating parts of fluid carrying ap- 
paratus, sxich as pipe couplers, control 
valves, and the dike. Some such seals have 
n-Qt proven satisfactory where the mating 

25 parts' have snbstai^tially <Jifferent coeffi- 
cients of thermal expansion and are uspd 
in applications where extreme temperature 
cyclipg takes plac?. For example, control 
valves used to control the flow of steam in 

30 a pipeline are often comprised of a valve 
body together with an internal cage mem- 
ber which is fitted within the valve l>ody to 
form a v^iye seat and a guide for the 
travel of a repiprgc^ting valve plug. Often- 

35 time, the valve body ' and ^he cage member 
have different coefficients of therraal ex- 
pansion, such that temperature cycling of 
>the valve via that of the fluid therethrough, 
results in expansion or contraction of the 

40 fittedTtogether members. The exipansion and 
contraction may result in unacceptable 
loosening of the seal ^between the cage mem- 
ber and valve body or in the crushing, of the 
seal, derpending on whether the valve body 

45 and naehi'ber expand away from or toward 



each other, respectively. Either result' may 
lead to fluid leakage. 

Annular expandable- metal seals having 
C, U or V-shaped crossrseetions are avail- 
able and well Jcnown. These seals generally 50 
have a cross-section which is of a uniform or 
constant thic^kness throughout, or where 
the flange portions have a cross r sectional 
thickness which is substantially less than 
that of the portion which joins them to- 55 
gether. Although these seals are capable of 
substaining substantiial loads, they do not 
exhibit the necessary springr action or de- 
flection and recovery characteristics suitabie 
for a seai which must carry a substantial 60 
load and at the jame time, exhibit sufficient 
deflation characteristics to deflect and re- 
cover a substantial amount to maintain a 
leakproof seal under ten^peratiare cycling 
conditions. 65 

According to the present invention there 
is prgyi<led a metal seal, comprising a con- 
tinuous, one-piece, annular, generally C,V 
or U-sectioned body of resilipnt metal having 
a pair of radially directed flange portions 70 
joined by an integral hinge portion, the 
ratio of the thickness of the hinge portion 
to that of any part of flange portions being 
such that whefi the flange portions are 
loaded axiaily of tihe annular body toward 75 
one another the elastic limit of the hinge 
portion is less than that of any p^ of the 
flange portions, 

According to a further aspect of the 
present invention there is providpd a control 80 
valve fitted with a metal seal of the inven- 
tion as defined above. 

According to a yet further aspect of the 
present invention there is provided a con- 
trol valve ai^d metal seal, combination, 85 
comprising a valve body including inlet 
and O'Utlet ports, a valve cage member iiav- 
ing a coefficient of expansion differing from' 
that of the valve body positipned liyithin 
the valve body between the inlet and outlet 90 
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ports, the valve cage member feeing secured 
to the valve body in such a m'anner to de- 
fine a seal cavity between the cage mem- 
ber and the valve body, the cage member 
5 definin^g a valve seat, a valve plug morinted 
within the valve cage member for recipro- 
cal movement toward and away from the 
valve seat, a metal seal comprising a con- 
tinuous one-piece, annular, generally C, V 

10 or U- section body of resilient metal secured 
within the seal cavity, the metaLseai haying 
a pair of radially directed flange portio^ns 
coupled together by an integral hinge por- 
tion, the ratio of the thickness of the hinge 

15 position to that of any part of the flange 
portions being sxich that when flange por- 
tions are loaded axially of the annular body 
towards one another, the elastic limit of the 
;hinge portion is less than that of any part 

20 of the flange portions, whereby the metal 
seal exhibits STifficient resilient deflection 
and load-carrying characteristics to main- 
tain a leak-tight seal notwithstanding ther- 
mal contractions or expansions of the seal 

25 cavity. 

iln some cases such action can be achieved 
where such ratio is less than one. Employ- 
ing such resign characteristics, the seal is 
capable of providing a leakproof seal not- 

30 withstanding substantial temperature ^ cycl- 
ing of the mating parts between whdch it 
is confined. 

'In general this provides a self- sealing, 
metallic seal which can be fijtted into a 

35 narrow,conifined space, and yet have sub- 
stantial load-carrying and elastic deflection 
characteristics siroilar to a spring. 

Moreover, . the self-sealing, me-tal seal 
can- O'ften be employed between closely- 

40 fitted mating parts of a control valve to pro- 
vide an effective leakproof seal- under ex- 
pansion and contraction conditions. 

The metal seal has portions which have 
- either plastic deformation or resilient de- 

45 flection characteristics, the com^bination of 
such portions providing a compact seal for 
carrying quite large loads and, in addition, 
providing isubstantial deflection and re- 
covery characteristics. 

50 The metal seal preferably comprises a 
continuous one-piece annular body of stiff 
resilient metal. 

FI'GS, la and lb are cross- sectional 
views of typical prior art anniilar, metallic 

55 seals; 

FIG, 2 is a perspective view of a pre- 
ferred embodiment of the seal of the 
present invention useful in ^ applications 
' where internal seal pressure aids the seal- 
60 ing action thereof; 

FIG. 3 is a cross-section view of the 
spring seal of FIG. 2; and 

FIG. 4 is a cross-sectional view of an 
alternative embodiment of the seal ^ of ^ the 
65 present invention also useful in applications 



where internal seal pressxire aids its sealing 
action; 

FIGS. 5 and 6 are cross-sectional views 
of seals similar in their general configura- 
tion to those of FIGS. 3 and 4, respectively 70 
but wherein external seal pressure is em- 
ployed to aid the sealing action thereof; 

FIGS. 7 and 8 are cross-sectional views 
of a control valve fitted with a metal seal 
of the present invention to seal between 75 
mating parts thereof, FIG. 8 being an en- 
larged, partial cross-section of the seals and 
valve as shown in FIG. 7, and 

FIG. 9 is a graphical representation of 
the typical deflection vs. load characteristic ^0 
of a spring seal of the present invention. 

Referring now to FIGS, la and lb, there 
are shown -two typical prior art metal seals 
generally designated a and b, respectively. 
The metal seail a is generally annular in 85 
overall sihape and has a V-shaped cross- 
section, whereas the metal seal b is 
generally C-sfeaped in cross -section. It 
should be noted that the flange portions 
c and d of the metal seal a have a thickness 90 - 
Wihich is substantially less than the thick- 
ness of the hinge e which connects these 
leg portions. The metal seal b has flange ^ 
portions / and o> which similarly 'have thick- 
nesses, eacb substantially equal to that of 95 
■the hinge h by which they are joined. v 

It has been found that in loading either 
of the metal seals a or &, substantially all 
of the deflection is taken by the flange por- 
tions c, d and /, g> respectively, and that 100 
there is little or no deflection aff'orded by 
the hinges e and h which connect these 
flange portions. As a result, these metal 
seals are limited in their application and do 
not prove to be satisfactory for applications 105 
where a significant deflection and recovery 
of the seal is important to its overall 
operation. 

Referring now to FIGS. 2 and 3, there 
is shown a metal seal, generally designated 110 
10, constructed in accordance with the 
present invention. The metal seal 10 is an- 
nular in its overall configuration and has 
a generally U-sliaped cros-s- section. It is 
comiprised of upper and lower plastically 115 
deformable, flange portions 1-2 and 14, re- 
spectively, joined together and spaced-apart 
from' each o^ther by an integrally formed, 
substantially resiliendy deflectable, coupl- 
ing or hinge portion 16 along its outer 120 
periphery. In this manner of construction, ' 
the seal 10 is provided with an internal- 
groove or opening 17 which is useful in 
applying pressure to spread the flange por- 
tions 12 and 14, thereby aiding in the seal- 125 
ing action. Preferably, the seal is- formed 
from- a metal having resilient, spring- 
characteristics such as the metal alloy, 
commercially known as Inconel 718, 
(Inconel is a registered trade mark) fiaving 130 
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tiish- yield strength at extreme tempera- 
tures, say 1000° F to 1200" F. It 
should be noted that the flange por- 
tions 12 and 14 of the metal seal 
5 10 axe relatively thick in comparison 
to the cross-section hinge portion 16 so 
that, in use, the^ deformation of the hinge 
portion 1^6 is substantially plastic deforma- 
tion (i.e. a'bove the metal yield stress) while 

10 the deformation of the flange portions 12 
and .14 is resilient deflection (i.e. less than 
the metal yield stress). We have found that 
for many metals and alloys it is necessary 
to design the metal seal 10 such 

15 that the ratio • of the thickness of 
the flange portions 12 and 14 to that 
of -the thickness of the hinge por- 
tion 1'6 is at least greater than one (1) to 
achieve the desired "results. Preferably, for 

20 Inconel 11^, we have found that the thick- 
ness of each of the flange portions 12 and 
14 should be about eight (8) times greater 
than the thickness of the hinge portion 16 
of the metal seal 10 to obtain this result. In 

25 this m'anneir, the seal 10 acquires spring- 
like characteristics which allows it to de- 
flect and recover substantially, yet at the 

. , same time carry loads large enogh to assure 
an effective seal. For example, a metal seal 

30 made in accordance with our invention 

> having an overall thickness of about 3/4 

' inch, an outside diameter of about five 
inches, an inside diameter of about 3.5 
inches, fl^ange portions of abooit 1/4 inch 

35 thicknesvS, and a hinge portion of about 
1 /.32 inch thiclcness, exhibited a load-de- 
flection characteristic as illustrated in FIG. 
8, wherein, after the initial loading, the 
seal deflected over a range of approximately 

40 0.100 inch while saistaining a load of from- 
0 to 14,000 lbs. 

It has been found that when the ratio of 
the thickness of the flange p'ortions 12 and 
14 to that of the hinge portion 1=6 is about 

45 8 to 1, then the metal seal 10 takes on the 
desirable deflection and load-carrying 
characteristics because the hinge portion 16, 
rather than being a static member as in the 
case of the hinge portions for prior art 

50 metal seals, become a dynamic, plastic-like 
hinge. That is, the hinge 1*6 deflects in its 
plastic- stress region when the metal seal 10 
is loaded and shares a portion of the load 
with the flange portions 12 and 14, Thus, 

55 the metal seal 10 has the characteristic that 
it is capable of carrying substantial forces 
in its flange portions 12 and 14, yet at the 
same time is able to undergo the combina- 
■tion of plastic deformation (due to hinge 

60 portion 16) and spring-like resilient deflec- 
tion {due to flange portion 16). These 
characteristics and the advantages which are 
derived therefrom will become apparent 
from the description of the use of the m-etal 

65 seal ten mating parts of a control valve, to 



be described hereinafter. 

The metal seal 10 is -provided with an- 
nular lips 19 . and 21 which protrude out- 
wardly from the surface of the upper and 
lower load-carrying portions 12 and 14, 70 
respectively. These annular lips 19 and 21 
serve to- concentrate the sealing pressures 
which are applied to the surface of the parts 
to be sealed. 

In FIG. 4 there is shown an alternative 
seal 10' designed in accordance with the 
present invention. Instead of having a U- 
shaped cross-section, the spring seal 10' has 
a V-shaped cross-section. It should be noted, 
however, that in accordance with the SO 
present invention the hinge portion 16' of 
the seal lO' has a cross-sectional thickness 
which is much less than that of either of 
the flange portions 12' and 14'. 

In FIGS. 5 and 6, metal seals similar to 85 
those of FIGS. 3 and 4 are shown. How- 
ever, the seals 10" and 10'" of FIG. 5 and 
6 have their hinge portions 16" and 16"' 
positioned along the inner diameter of the 
seal and their annular sealing lips 19" and ^0 
19"' and 21", 21"' formed along the outer 
diameter of the seal. In this manner, the 
grooves 17", 17"' open outwardly so that 
external pressures applied to the seals 10" 
and 10"', cause the flange portions 12", 95 
12"' and 14", 14"' to spread apart to effect 
an enhanced seal between the annular lips. 
l!9", 21", 1'9"', 21"' and the parts to be 
sealed. 

Referring now to FIGS. 7 and 8, there is 100 
shown, in partial cross -section, a portion of 
a control valve including a bonnet member 
1)8 secuered to a valve body 20 by means of 
bolts 22. iBetween the bonnet memiber 18 
and the valve body 20, there is provided a 105 
cage memiber 24, the lower portion 26 of 
which is- provided with an annular valve - 
seat 28 which is positioned between the 
control valve inlet 30 and outlet 32, The 
cage member 22 is generally cylindrical in HO 
shape and includes flow passage windows 
40 and 41, Reciprocally mounted within 
the cage member 24 for movement relative 
to the windows 40 and 41, is a cylindrical 
valve plug 34 having its upper end secured 115 
to a valve stem 3-6 by means of a fastening 
pin 38. As is well known, the valve stem^ 36 
may be connected to an appropriate actu- 
ator (not shown). The valve plug 34 is de- . 
signed to seat against the valve seat 28, in 120 
the closed pO'Sition. Movement of the valve 
plug 34 away from this closed position 
meters the flow of fluid past the valve seat 
28, through the windows 40, 41 of the cage 
member 24, to the valve outlet 32. 125 

In a cavity 42 defined by the lower por- 
tion 26 of the case 24 and "a slot or groove . 
25 provided in the valve body 20, there iS' 
provided a metal seal 10 formed in accord- 
ance with the present invention. As shown, 130 
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the metal seal 10 is deflected in its normal 
. position with its- sealing lips IS. 21 mating 
against the Wer portion 26 of the cage 
ilcm-ber 24 apd the valve^oey f ^/^^^pect- 
5 ively. to provide an effective seal. It shooild 
be noted that ^he metal seal 10 is positioned 
Si cavity 42 sncb that high pressure 
from the valve inlet 30 tends to expand the 
seaflO to urge its sealing lips tightly against 

10 the snrfeces to be sealed 

In operation, where the valve body 20 
and cTS mem-ber 24 are subjected to tern- 
t?raSe cycldng, the cage memto and 
?afve^ody m-ay fir-st e.^pand upon temper- 

15 It^t increase, thereby applY^^S _ ^ ^^om^^ 
sion force to the metal seal 10 such that 
is fl^aSe portions 12 and 14 and ^^fP^r' 
Sns 16 are deflected. The metal seal 10 of 
•Sie present invention allows such 

20 to take place readily because hnige Port^on 
16 is sufficiently thin m JLl^l 
much thicker flange portions to undergo 
SasSc defcrmationr As temperature cyclmg 
Sroceed^ and the tem.perature decrea.es the 

25 m^em^ber 24 and the valve body 20 

comract, usually at different rates aiid there^ 
bv enlarge the cavity 42. The metal seal JO 
ri^ove?s and follows such contraction 
rSily while continuing to ex^.sumcient 

30 sSlin- Sessure to the parts. This r^ults 
wSle She relatively large flange por^ons 
12 and 14 impa^ effective seaJang fp^es to 
,4ie Sts and, in addition, a force sufficient 
Z ri^ the hinge portion 16 to its onging 

35 In this manner, the seal deflects 

reaSy to prSvLe the necessary ^follov^ng or 
trSg mov^ent. It. should be ap- 
went that the seal 10 is capable of sub- 
SSal deflection, while at the same tinie it 

40 .maintains effective seaHng pressures at the 
surf ace to be sealed 

WHAT WE CLAIM IS: — 
1, A metal seal, comprising: a conto^- 
ous, one-piece, .annular, generally C, V or 

45 U^ection body of resident metal ^^^^^ 
,pair of radially-directed flange portions 
toined by an integral hinge portion the 
iX of 4e thickness of the hmge portion 
S that of any part of tiie flange portions 
Sing such that when the flange portions are 

50 loadid axdally of the annular body toward 
■one an^other, the elastic limit of ^Jf Jf^^^ 
portion is less than that of any part of the 
flange portions. /-^ „ i 

O A metal seal according to Q^m 1, 

55 wherein the ratio is less than one and the 
■metal is stiff resiHent metal. 

3 A m^etal seal according to either ot 
Oaims. 1 and 2, wherein the thicknesses of 
the flange portions are substantially tne 

60 same. 



4. A metal seal according to Claim 3, 
'Wherein the ratio of the thickness of the 
thinge portion to that of each of the flange 
portions is about 1 to 8. 

5. A metal seal according to any of 70 
Claims 1 to 4, wherein the hinge portion is 
arranged to co-upie the flange portions along 
ithe inner diameter of the annular body, 

6. A metal seal according to any of 
Claims 1 to 4, wherein the hinge portion is 65 
arranged to couple the flange portions along 
the outer di-ameter of the ann'ular body, 

7. A control valve fitted with a metal 
seal according to Claim 1. 

3. A control valve and metal seal, com- 75 
bination, comprising a valve body includ- 
ing inlet and outlet ports, a valve cage mem- 
ber having a coefficient Qt expansion differ- 
ing from that of the valve body pO'sitioned 
within tjie valve body -between tiie inlet and 8Q 
outlet ports, the valve cage member being 
secured to the valve body in such a manner 
to define a seal cavity between the cage 
member and the valve body, the cage mem- 
'ber defining a valve seat, a valve plug 85 
■mounted within the valve cage meinber for 
reciprocal movement toward and away from 
the valve seat, a metal geal comprising a 
continucms, one-piece, annular, generally 
C, V or U-section body of resilient naetal 90 
secured within the seal cavity, the rnetal , 
seal having a pair of radially-dirked fla^ige - 
portions coupled together by an integral 
hinge portion, the ratio of the thickness of 
tiie hinge portion to that of any part of the 95 
flange portions being such that when the 
flange portions are "loaded axially of the 
annular body toward one another, the 
elastic limit of the ^hinge portion is less than 
that of any part of the flange portions, iqq 
whereby the metal seal exhibits sufficient 
resilient deflection and ioad-carryin:g 
characteristics to maintain a leak-tight seal 
notwithstanding thermal contractions or ex- 
pansions of tiie seal cavity, 105 

?. A metal seal according to Claim 1 
'SUibstantially as hereinbefore described with 
reference to any of Figures 2 to 6 of the ac- 
companying Drawing^s. 

10.. A control valve according to Qaim hq 
7 substantially as hereinbefore described 
with reference to Figures 7 and 8 of the 
accompanying Drawings. 

11. A control valve fitted with a metal 
seal according to any of Oaim's 2 to 6 and 115 
9. 

J. L. PEARSON 
Chartered Patent Agents, 
Monsanto House, 
10.18, Victoria Street, 
London, S.W.l. 
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